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A patient officially ■•lected as a heart transplant candidate,   in the Stanford 
Heart Tran.splaaL i'rom-un.   will rr^eivo a Irnnsplant if lie  survives until B 
donor is found.     Ho will not receive a now heart if he dies before a donor li 
found, or If he is "deeelocted" nor ghowing noteworthy UnprovonMint)«    For 
a candidate who does not receive a transplant,   the available data include iiis 

survival time  (in days from the date of acceptance into the program) End 
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if deselected,   Ms date of deselection.    For a candidate who docs receive 
a transplant,   the available data include the waitini; time for a donor and 
the survival ti.-ne from the date of operation.    Waiting time and survival 
time variables may be censored at the closing date of the study.    Turnbull 
and Brown [I4j and Turnbull.   Drown and Hu [15] considered the question: 
Docs cardiac transplantation at Stanford prolong life?  [They found there 
was not sufficient e-. idence to support a    Yes ' answer; in fact their 
analyses showed that the post-transpiant survival times of transplant 
patients wort' consistent with pre-transplant experience of all heart 
candidates. ]   Here we investigate which variables are correlated with 
post-transpl-nt survival length«    Variables considered are sex,   age, 
wailin.' fcime t   r donor,  and date of transplant.    These investigations 
lead to new nonpar, nietric tests of independence for censored data. 
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RonparatD' trie TectE of lBdep<?ndence Tor Censored Data 

.;■'::    ppllcatittie  'o Heart Transplant Btudiea 

Byron Win. Brown, .Fr.,    I-lyx- :■ HollBnd( r,      and Rasesh M.  Korvnr 

Abstract.   A putient officially selected as a heorl   bxvinsplant 

candidate,in  bh<   Stanford Heart Tranr>plitnt Program,  will receive a 

transplanl  If he aurviV' B until a donor la found.    II   will not r celv« 

s  new }!• ■ .■•■'   If h-   dlea  kx fore a donor li round, or 1:' he la "deae- 

_ ctod" ( 'or r.howlng aoteworthy l*proveaent)«    For a oendidati   \Aio do< 

.o*   rec< ;■.■■   H  iranaplanti  bh*   available data Includi   his aurviVBl tlM 

n    h1     '■■t'    of •■cc'-ptunc'    into the progran)  and,   If dose- 

.   ..i        ■'•     >f d< , ■ L o   ion.    For a  candidate who dot'i   rec« lv<   a 

..:.■■■•,   ■ li   •ivn.i-.i,.     Lut i   Include the Miitlng tli*    I n* u   lonor 

. ■-:.■.:   tin    ['ram    :.    date of operation«    ■•   Lting blM   nnd 

irvlva]  tin    .'■i:i;i.   aay b«   censored at the closing date or t-h1 

ll*] and Turnhull, Browii, and liu [15]  con« • . !y.    P irnl il]    • : . rown 

'   • .•   i  ■:.     :.    tl«J1     Does  cardiac  t.ranf.pl antat ion a1   Stanford 
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prolonr llfi ?    [ühey found th< re wa not sufflcienl    viel DC(   ( * Bup> 

port a "Y ■" answerj   Ln fact tbelr anal/sea ahow-'d that   the post« 

tivincpl'H.i  BurvlVb]  tiaea of tranaidaiit patienti w re eonslatent with 

preatransplant experience of .'ill heart eandldatea*]    Her«   we inveatj.« 

gate which variablea are correlated with pott^transplant BUTVIVB] 

length«    Vlarlablei  considered are aeXj agCj Miting tiae  for donor| 

and date of transplant«    Xhase Inveatigationa lead to new oonpara' 

■etrie teata of lndependenc<   for eenaored dsts« 

l. Introduction« Hearl tranaplantation baa held an extraar« 

dinaiy Riacinatian for both Q-.yrom and Medioal acientist ever aino 

the first operation oy Barnard In 196?«   After the first   flurry   tf 

>peration8|   two pvüi'j-iir,.    In   ■ tr   Ilriit'-'i  .;t;ii,r;-   con: ina   i   to BCCUBRilatc 

experience In transplantationj oiv   .'it  Baylor University and one at 

Stanford University«    lbs survival experience of transplant petlenti 

at B^yior was aunmrisad by Nessaeri st al [13] •    Ihey concluded thai 

.lurvivnl titri'   of their transplant patlenta MS ex    i..   I but the addi- 

tional life 4 iir.'   Ma HOT  worth th   attending cost, including traua« ; 

th»1 prograa was discontinued«    Th'' Stanford experienc«   NSS suHutrized 

by Clark, at al  [2)«    ftsy also concluded that transplantation ex- 

tended life and the pro^nm at Stanford continues,  with one to thre« 

nr'W tran.-.pL-i;.-.• -i aonth« 

Qail I'd examined th'   Mesa» r, ■ I al [13] and Ch rk, ■ I  al [2] 

yi-y-rz ■■■:s:  :'J .:. ■  that i/Oih papor« nnployed a nethod of analysis  th I 

ic hl^liy biased«    Briefly,  th<   ^u-^y.-,'^ compiirca survival tuu. ..  for 

JtBä 



h^art tni.i-.pi.'uit ptiti-'nts  with th<-' survival time;-; 01' trünsplnnt chnii- 

lates  who died before a  donor heart was  found. 

Turnbull and Brown   [llj   r<--analyzed the Stanford datu,   taking 

Cl-iil's  criticl:;rr. into account,  und,  recently,  Turnbull,  Brown Bnd 

Hu  [15] h>v   ■in^lyz'/d  the Humfora detu again,   summarizing the data ■■ 

>f M^rch 1|  1973«    I'h'y conclud'd ''hat the survival tiaea  of hart 

transplarit patients are quite consistent with pre-trunsplant ey.p, ri- 

ence of all pr-'-trancpLsnt heart candidates selected,  but that no 

leftnite conclusion can be reached on the question of lii'e-ext-nding 

effects  of transplantation,  because there is too little long-tinv   pre- 

transplnnt data  available     Howevi-r,  the're  is good  evidenoe  that  tran,- 

plantation doei not short' n expected survival time to any greet ex« 

tent,  and  the   lufility of life  for some survivors  is  remarkably 

-•nhanced. 

Th-   onalyse:; of Turnbull,   et elOlMi   [15]) did  not  consid'r 

•■.t-ich Vtrieblei were correlated  with the length of post-transplant 

survival.    ][• re Me address this  question of correlation considering, 

in particular,  the  variables  sex,  age at transplant date,  date of 

transplant, and 'waiting time for a donor.    The' Investigation of l 

possible- correlation between date of transplant and post-transplant 

survival is of special interest because it can b'   viewed ■■ an exami- 

nation of ■  trend in the expected survival time of transplant petienta 

(with an iacreasing  tr< -;ü  possibly reflecting improv ment  in  surgical 

techniqu' : ,  in the methods,  of selecting transplant  candidates,,  and   In 

J 



nanitorlng tnd earlnc fo*1 th-   post^tranaflant pstients)« 

Our ■ipprr>'icli !• via KendaU'c  [12] rank oorrelatian BtstistlCf 

Ihli  atctinic, how'V'i', hal  tab-   BOdified  to ll'l ill Hint i    ri/rht   cen« 

soring o:' '.h'  depend( at variablej  t,y])ic'iiiy found in ^linit-ii Burvival 

ttudieia    Two conuitionrilly distribution-fri-c tosti  are paresentedj on« 

(Section j) la analogoui to Qehan'a [8] adaptation of ttai   Wilcoxon two 

.-implv statistic to eenanred data and tbe otlfer (section U) ic analo- 

goua to Bfron'a [6] adaptation or the Vileoocon two mipL   atatlatie to 

o«nsor"d   i;>t:i.    Tli'   conditionally diatribution-frei   testi   of Beetiont 

and h are based on an independenc«   assuaptian concerning the banic 

variables (v/ho. ■   Independence ia being teatad) and tli<   censoring vari« 

•LI  .    rrhi.; Bssunpticn [Aasuaption (A)»»Bee Section 3] will not   be 

■ 'i. :i     ir. e> rtala situations or interest«   Henc< , In Section 5J 
W

' 

relax this ssauaption and provide s "paeudo" conditional teat«    i.ri;i- 

•   it| howsverj doi s not po;;;--' ss th«   diatribution^fTee prop, rty« 

3'.ction 6 suHMrisea ^h'1 applieationa o!" th"s<' tediniques to itu< Btlons 

or Intereat in th<   Stanford Heart Iranaplant ftpogran«    Roibuatncas 

eonBenta sra nad    in Section 7« 

2. Data   !■ scription«   Tha atarting date for a patient will be 

the date on v/hich h" is    declared a  tranaplant candidate in s teen 

oonferaneei  initiating the Dcardi  for B donor.    Ibe data  for th<   B2 

candidates Bdnitt <3  bo bh   procram, na o;1 Naroih l,  197  • '■;''   given in 

Tt"ol% 1.    ror patienti   ■;. - riled before B donor wai   found   for then and 

for ''r.'j.'   stiU awaiting     ..■.;■., w   giv   their birth dato, date of 



i  cL'irtd  'icci-'pumci1  into thf program,   MX| and the DUBbttT  Of days  of 

Burvivtl   (to dettth or to the closinc date  :'OT -fnaly.;!:-, Marob 1.   191   ) 

'.,'. jlro indioote whether th-   patient 1B aliv«1 or dead at the closing 

. ••'. Fo;' p-iii' nta receiving i new heart we givo tii birth dat< . d^.i- 

o:' aeeeptaneei BeX| da/8 ;o tranaplantj d:iys :'rom branaplanl to d ath 

or oloaing  latej and state (a. ad or aliTe) at clocin;1; dal   . 

T-ibl-   l:   Acceptance dateaj birth dateaj BCXi survival tlaeaj and 
tiaei to traruplant i'or Stanford Prograa patients« 

(Closinc dat.-    March i,  1973) 

..ontraa. plant  fatignta (3") 

Ti/ 
alive = B 

- . rth : 3* '-< 

M 

Ace 

i-:o. 

9 

plane 

fev 

Dat< 

Yr. 

67 

1 

5 

dead   ■   ■ 
y.o. Day _Yr. 

5 20 28 d 
1 10 37 N ll 15 67 ^9 d 
3 2 16 N i 2 68 5 d 
7 28 '-7 N 5 10 68 17 d 

11 8 13 M 6 13 68 d 
3 27 23 N 8 1 68 

■ 
d 

6 11 1 F 8 <) 68 W d 
7 9 15 N Q 17 68 7 d 

12 J. ll» M 9 27 68 0 d 
6 29 l»8 M 10 28 68 d 

10 4 09 N ll 18 68 36,/ 
IbOCP' 

d 
10 18 38 N 5 i 69 a 

2 6 19 r 7 ll» 69 ■,i( ■i 

10 it 14 M 8 23 69 15 d 
4 6 N 1 21 70 u d 

3 13 ■-I N 8 21 70 d 
6 l 7 F 10 22 70 l d 
5 2 M ll JO 70 • d 
1 23 15 :■: 2 5 71 ■  > d 
1 21* 30 N U 85 71 101 d 
9 16 • M 7 2 71 1 ' . 
6 8 30 :•; 9 13 71 d 
8 19 H2 n 11 i 71 a 



jj alive = & 

Birth Drte   Sex   Acceptance Pete 1 dead = d 

Mo. D^y Yr.        Mo.  Day  Yr. 

5   12 19   N    12     1+  71 \i              d 
8   1 32   M   12    9  71 66*     d 
1 2 19    M     3    20  72 31        d 
7 25 ?0    M     9    29  72 1       d 
8 27 31   M    10    6  72 20       d 
2 20 ?U    F    11     3  72 11H       J. 
2   18 19   M    11    30  72 91       I 

Trancplrmt Pritl'.'ntG (52) 

^ 41 aliv'   = ■ 

Bi rth D r   * 
-   C *- Sex Ace -•ptrincc. Drte 2 ? di'Jld     =   d 

::o. Day 

M 

Yr. 

13 M 

Mo. Dr.y Yr. 

0 15 -, 1 6 68 d 
12 23 27 N 3 28 68 35 3 d 

3 
J 29 17 N 7 12 68 50 624 d 
- 9 26 M 8 11 68 11 46 d 
8 22 20 F 8 15 68 25 127 d 
> 22 lit F 9 19 68 16 61 d 

9 16 1U N 9 20 68 36 1350 d 
5 16 19 N 10 26 68 27 312 d 

12 27 11 N 11 1 68 19 24 d 
10 ISi ^_ ' N 1 29 69 17 10 d 

9 c'; — • M 1 1 69 7 ]o;''t d 
6 * 26 M 3 18 69 ii 39 d 

12 2 10 M U 11 69 ■ 730 d 

7 7 IV M i* 25 69 82 136 d 
2 6 36 M U 28 69 2h 1375 ■i 

5 30 15 N 6 7 69 70 i d 
9 20 2iv F 8 19 69 15 836 .1 
u 2 05 N 6 29 69 16 .60 (i 

1 1 21 M 11 27 69 50 1140 ■ 
5 2'* 29 N 12 12 69 22 1153 •-\ 

5 1 21 M d i» 70 \\ 54 d 
10 SA 08 M ^ 25 70 18 *\ d 
11 1U 28 M 5 5 70 \ 0 d 
11 12 19 N 5 20 TO 1 43 d 
11 30 21 N 5 25 70 40 971 •i 

U 30 25 M 8 19 70 57 868 •i 

10 30 3«» N 1 i ; 71 0 Mi d 

MBM 



alive - 
T„ 

lii i te e ,-■ Acc< >ptanc< DBt( : di ■■ ; 

Mo. Mo. I>.y Y;-. 

0 i . F 1 10 71 l 780 a 
l 28 

■ 
M 

1 
71 20 51 d 

D 1 3^ M 2 15 71 35 710 a 
3 ■■ 25 N 15 71 82 663 ■ 
6 • . N 3 24 71 31 253 .1 

1 . M 7 p 71 UO l-Y d 
g 2it X9 N 8 o 71 9 51 ci 

12 5 M 9 "J 71 66 7- a 
9 17 M • • ',1 ■ 

d 

5 12 
■ 

M 9 71 77 ... ■ 

10 29 N il 18 71 65 d 
• i: ■ :i i 1? 71 26 1*19 B 

i+ ■ • M 1 7 32 ,, '1 

il i N 6 1 13 .... d 

9 3 M 
■ 23 i 56 d 

1 10 i N ). 7 i 1 ■ I 

6 5 ?h M 6 i i 9 ■ ■ 

6 17 1 M ■ 17 , •'. '-■ .1 

2 • N 7 i 72 30 ■ 
■ 

11 22 U5 H 1U 7 3 • ■ 

b 13 Jn N i 11 Y- 26 6 d 
7 20 ■'••. M 9 18 ■.' 

U 2 d 
9 3 20 N 10 h 72 • ] •1 

6 27 6 M 12 6 1 ?5 ■ •1 

2 21 N 1 12 73 1 • a 

- T.  ■   ;■ ys to 'J. ath or closing  b I   . 

T.  =   lay.-  to  ' n 1.. plant • 

T   - da/s  fro« bransplenl   fT d ath or closing dati 

»D select« d 9/-1/69« 

«Deselected    /02/7    (alsOi for thli   pntlenl   only, 
survivij  ■/p. rlenc«   Is known only up to 1/1/7- 
::o that th<     T-   - •'• '{ ■ nt.cy la pear.un  I    rest 
II/I/7I to 1/3/73 rath< r thaj    /J/, l). 

- .-   eltc    ti    /Oi*/',   . 

T öoure? 



e 

■ a.;:.pi    scores i:,^ .11'lcitlon o:' rv i.-i-ill';■. i-n.-'. correlatio«] 

ctatlstlc.     ;''or data concicting of    n    nira    (Xn .Y,) {'■.   .Y  )    the 

bjrpothMia o:' independence of    X    and    Y    can be tMt*d u-inr; 
< 

Kendall'fl  [12] rank eorre3atlan statistic 

n        n 
(1) ^ i    — ^ 

1=1    .j=l    1,)  1'] 

wh re   a.. = l   If   X, >x.,    0   If   X. = X.,    -l   if   X. <X.. b.. ■ 1 

If   Y. >T..    0   if   Y. = Y., -1   If   Y, < Y..   If. however, eltber   X 

or   Y    (or both) is c nsoredj we may h-  wwbl^ to eanpute certain o;' 

th1     »••    or   b',:.   in our heart transplant atudieG we encountered 

sltuatlonc wh ;■■   one of the variables    (-^y   Y)    uaa rl^tooeneoredj 

for convenience and simplicity we dev« lop our teate  far thla oaset 

Modifloatlans in situatlona where   X   and   Y   are boih rl^it-and L it- 

censored ari   notatlanally moi-'   eoBplax but c-m b    . v Lope^  In ■■ aimi« 

lar mann T. 

When th«     I   variable in ri^it*cen80zaed| our obaerved paired   !■■■•■ 

■ay b'    dwracterized by th'1 vector    W ■  [ (X. ,1^ ,.-•)....,  (X   kZ   ,6   |) 111 nn'n 

-./h' r",   for    i = 1,... ,n, 

(   ) 

• n ■ 

(  ) 

Z.   = minimmn  {Y. ,B. )   , i 1    i 

1     If     /..  = Y.    (that is.    Y.    ia uncenaored) 
r..   =    f 

.   o     if .;,    (that   la,    Y. c  i..;o: it       'I 

known value.    .■.). 
j. 



For exantpl .  .!. our study o;' B possible correlation between sex 

■ •. • length o: post-transplsat Burvlvalj    X.. = 1   If patient   i 

1 ■ and   0   i;   ■   . _ . an     Y.    Is the rnaiber of days pstient    1 

.:    :     '•   .■■ transplant«    If patient    i    dies before the closing dat« . 

Y.    is ui.c •:.. x1' ; and   :,. ■ Y..    If, however, patient   i    1;; still 

alive or. th   closing  •  te, then   Y,    is (for our present purposes) 

•  :..;'>:■' L ,   •    .;   or.   irVi       '    ■  B.,     the numb, r Of   layi    "\-n\   bh 

■.•     Of I ;■■ ;. plant to the closing   lat( .     [In th-   no; ■■'.ion of Sabl    1, 

.. ■ l    corresponds to th   letter   "u,"   6. ■ 0   corresponds to   "•>.."] 

;'or th   cas<   vdier<    Y   I.-, ri^it•censored, w   adjust th<    I  fini« 

1 sn o.' th<    b's ollows: 

(■■N 

i   if   r > Y. , 

0      if      Y.   - Y.     8r if "unc. rt-iin"   , 
i .) 

d 
-1      If     Y.  ■: Y.   . 

In (•) 

• hi t. on 

nol ation 

:.  I     Y. 

Y. >Y.    (read    "Y.    is definitely grater than   Y.")    meani 
i ,; i ,) 

th«   bacis of   Z.,Z.,b.,b.,    w   can Infer thai    Y, > !.•    "ßn 
i    ,i    i   ,] i       J 

'i 

Y. •' Y.    is d' fined ßinilarly, and    b..   > 0    If we cm,  Li 
i       j 

■ Y.   or If, becauan of censoring, we cannot   kx   sure or th< 

. ■ 1   and :■:■  have that (i)    Y. > Y.    If (a) 

a 
Y.  < Y. 

CüJ tg 

or (;.')    •;. = 0, ■ . ~- 1,    and Z. = .',..    w   hav   (li) 
i „ i       . 

.:■ (c)    b   m l   and :', < Z4j or (0    5   > 1,  -,. - 0,    an I 
1 L          J                               1                  J 

For (1),    bi, ■ Ij    for (ii), 

..o:   trui  ,':.;.     i,. .   ~   >. 

10 
both (.) 
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Th-   slgnifi©   ce .r: -u    B\   tistic    .'.     for testing  Independence, 

-.:. b    1 ■   Lni ■  by .     lt\g uh< r    bh<   observed VB1U<   of    3    (.'(■■■)    say) 

■■.11;; In ■ lr   p rmuti ti to dlt brlbution tibtt ined by conputing    al    v- ] .■ 

r    S|    an«   ■.■ li.    for each of bhe    ni    posslbli   p nnui itiozii   of the 

lX ■,..) ('   •■   )!    obseirvations (keeping th«     IC'e    fixed)«    Con- 

slder then thi    proup    Q    of   ai    transfamnatlans with byplca] meober 

i., L v   1     i.     I, x  n     [       l  " 1 11 n      n 

her  ( U i ) ;. • i' rmuti blon o.' (1,....: ). Ac a r :' rfne« 
I i, 

point   for di termlning bhe elgnlflcance of    ij(^).    '■■<   eonsiter th< 

., ■   of 1:.'    • nditi -i/ i  neuurvi 

( ) PC(W -gJ   ; (w)) - O.:)"1 . 
i n 

>■   eaefc p nnutj I I n    (i-, L )    o'    (.i a)« 

Tli'   us<   of (  ) can b   Ju8tll'l< I 1 ' th<   Ind  pend nee  )f    X    and    'i 

Impllei   bh^ln ependence ol     X   i nd    (Z, ■),   tu tlwl    when th<   hypoth- 
s 

eslfi of    X.Y    Independ nee 1.   true,  for •■■ich   g t Q  .    ß(W)    would 

have th*   ■"■':•    llstrlbutlon aa   w.    In developing bh   condltlona] 

dlstrlbutlaß'frei   beste of Sections  J and   -. ■■.■   bhui .■ ■   i   sie 

assuaptlon 

,. s ..-. ,     X   and   Y    ■■ re I n •   pend< nt, 
■.:..(■.)■•■■   :..',■ | ■  ideni . 

Whether or .. r  .      anpl Lon (A)    ..   ontiüflod  In  .      i  . ■•        pi'ndi   on  bh 

Joint dlj    ■■.  Lon  i     {]■:,':..').    \  :,    ption   ..■'   .:..,;.■.   (A), ;■ 
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ic unnecessarily rea rletive la    (A1)!   When   X    and   Y    are  Lndepend* 

:.• ,   X, Y.    and    B   are mutually independent*]    A rou,",h (but not 

tnifonQy valid)  rule is that Assunqp'tian (A) li B   reasonable assupp« 

tion to ;:i;:k>   when the ind  p odenee of   X   and   Y    iapli« B the    inde« 

pendence of   '.'.    and   B.    Par    xnaplei with    X. ■ 1   If patient   i    Li 

Le and   0   i:   female, and    f. = nunber of poct-^ ransplant siurviva] 

lays for pe   Lonl     i.    Assusiptian (A) is reasonabli .   However|  if w 

'i'i'iri'     X.    to be ih'    Late ov tnnsplant (nnd kt-p   Y   as abav« ). 

th(^n since    B.  = numb'T o;' days  i'ran    X.    to closing d< te, 11   Is clear 1 ' 1 

bh^t   X   and   B   have B correlation of   -1    wheth« r ind    Y   ■ i* 

Independent or not«    tW(   can write   B. ■ T-X,    wher    T    le a   fixed 

constant»)    ]n this easei even if   X   and    Y   sre indopendenl .    X   and 

( ',&)   are dependent and (5) is not justified! 

Mhen Ar.^uinption (A) ir.  satisfiedi  our Qhlevt 1   tesl    La defined  ■ 

f    lows.    Let    S* '(w) < ••• < S*11 '(w)    denote the   nl    ordered 

vlu'T o;     •"(■'())     :'or    r, c 0«    Let   v(v')    dt.not'    tb   probability of 

rejecting th<   hypothesis of independence when   VJ ■ w.   tfe set 

(6) V(v)  =    / 

1 

r(w) 

0 

if 

if 

B(w) >8<»>(v)  . 

3(w) 

;;(w) < B (») 

(w)   . 

(O   • 

where   ■ = nl -  [nJ •]. [x]       la the greatest integer less than or 

equal to       x        and    r(w)    is selected to giv.1 th<   test sise    (x. 
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'Jnder Assumption   (A),  the tent defined by (6)   ig a  one-raided condition- 

ally  distribute on-free test  of  independence  versus  the alternative of 

positive ussociatior. betveen    X    and    Y.    One-sided rests  versus  nopyi- 

•'■/•'"  association  and two-sideJ  tests  are sinilarly  defined. 

For larpe    u,     the  fo]lowing approximation to the conditional 

distribution of    B     can be used.     Under suitable regularity  (a suf- 

ficient ccnuition  is  that    .'a. .a. ,,     and    .'b. ,b. ,.     each be of the 
•j 

order  of n   )     the  statistic    8     is  conditionally asymptotically normal 

with  conditional mean 

(7) 1(8) = 0 

ana conditional   variance 

Var(,-)  =  Mn{n-l)(n-P) j'^a. ,•• ,,-£*?,)(Eb. .b. „-»?.) 

♦ -\u(n.\)r]- r.'. ,)(;;bV,) . 

Tn the  above sumrvitions,  eacJi subscript  la  BVBMd   frOK    1     to    n.     Die 

conditional -.^a:;,  variance,  ai.d  nsyaptotie normrui'v   fellow directly 

from Danle". .■   [ ■•   . 

tn the  BJttcinl  case w.n"n the distribution of     (X,v)     is  eontlnuoiM 

and there is  no  censoring,  exact critical  values of S/2,   for 

n = ^(l)^'^,     "i;. bo obtainad from Table I of KnnrsoMücer ami vnn 

V.'i ,;ngaardon  liüj, which also appear,    ea Table A.T'l of Hollanaer  and 

Wolfe   [91. 

If ve aet    X.  = l    if    itii    patient Lc aiale and   0    if r^mn,", 

then AMunptlon CA) la reasonable«    Ibis diohoftonu puts tiie problem in 
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th«  frtBtWorll   -■'  th« two '."ample location problen  ''or censored usin, 

■'  - vt  '•_•'■  *:.■ :.   BOnparing the    Y    variable  in thr  malt  and ftnalfl 

populatic:..-.     : r.  Ruch >  oa.-.e, the  ronditionally  Al8tribution»frM 

test ("liven by  (6)  reduces to Gehan'r-   [81  procedure.    Of course, 

■ ■,'imrtior. (A) la reesoMbie for other typea of   x   v&rlablea (e.r. 

phyaieal Btat va at iate of traasplaati or degree of tlaaua matcii 

with,  donor). 

■'.■.:]:-:''.■. ■ coy .    IBOd j I'.if ' 1 On   Ol'   K   !.-:';l] ' /    nnt.   COT I '  h ■ - 

)>   . •   Llsilc.    Tli-    b'a    !■ fined by (■•)  Lgnor« Ln availi I . 

approach   >f ■'■■ d I m      .;con .     h = 0    ,änc'      I 

Lnfonel I n«    For    xample, suppoa^ ror th<   eanent, ■.•   1  ■ ;.' Lfy ■■i' 

the L)08t«tranBplBnt Burvlval variabl«    T     or Tteb]    !•    Consid r 
j 

patients 1|   and |i2, with   Z   valueG 1379 and '•     'eapectiv  ly.    'FTv 

•,,    = 0.    Th I 

IBJ alnce botb petienti   wer«   alive ai   bh<   do; I       lnt,i , wi   ar«   un« 

certain BB ' ) ..hich aae will RCCUBulate inor<   poi   -■i   i.  plant 111   . 

ilowvi'.   Bind    patient   II   hai   been best,   bo d8t< .   in  tcnu o!' port- 

•   •ui.-pr ..■   , trvival it. th   Stanford Program, or.'   i'e«*la  it   Ls lik< Ly 

that   I,,     »ill exe :   Y,   .   To quantiiy this, w   rdlow Bfron  [6] 

and utiliz-   th«   RaplBn-Nei« r ([11], [61, [3l) -•.-.t ina4-.nr of the true 

arvj v'ii fund 1 :>n. 

Let   ./.N < ••• <   '.,  s    lenote the ordered values o;' the   Z's. 

Ihen the nonparaBetric aaxiBMB liKelihood estiaiai »r   >;' th<   survivor« 

Bhip function    H(t) ■ .hY > t)    ror   I  > 0   la giv n byi 
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(9) 

:.   ;-      r 

SCOT* 8  •  r 

H(t)   .   [Tl(r1-r)/(n-r+l))   . 
r 

•.:..   throvudi thosi   positive integers  for   .li'u-h    '.'.,  * ^ t 

..  ■ •   one« nsored dbsi rval Lor;.    Om- Kaplaii'Mi i  r odjui '''i    \> 

given  in T'ibj 

üfcbL      .    Valu :   of    b. .     based   on th    Kaplan-N   I   r estinator. LJ 

(5,,l .) U i_ 
(1,1) 

> z 
J J. 

-1 

(o.l) 

(l.o) 

(O.o) 

y 

1-{H(Z1)/H(ZJ))     J-iii(:',.)/H(:',1)l 

UK:'.)/■:!(:;.) l-l 

-1 

ii(   .)/u{:.h-i 

Hot- 

given by 

:.('■ pt  Vor th'   casi     Z. - '.'...    bh<     b. .    ncori ■   ■ f 
1    .1 M 

>.. - i.Y. -Y.|Vy..VHM 

where th :3i :■ Low 1 probability ie interpr ted ae if Y. and Y. 
A 

wer«    id   ■       .     . -ivn   :'i-ai:.    II. 

Th-       pi n-Mel  r .■cor',   conditional test   is based on    B|    Bnd 

la defined by (■ ).   diere now tho   b'a   are obtained   'row "P bl(      run 

.h"    a'.;     ar in . M c; a on   j.    until ■ r Assumpi . MI (A) .   iikv I   ol 
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it   eondltj J;- i.iy   ;i. ' ribut i in-:'!-. ■ .   with tte    i'    Bcorea given by 

Til-     .  •:.   conditional Mean and variance for the nonv l approxi* 

notion • :■    given hy (',) and (•■)• reap etively« 

-...   A ['■   ud 3-c md i' J anal j ■ st.    In Section 3 w" pointed out   thi I 

Assunption (A) was not, satiafied tdien   X ■ date of transplant and 

Y - length of poat'tranaplant survival«    Th'   hjrpothesia of Ind  pend« 

ence of    X    and    I    ll  Of  interent beraur.p a poritivr nL;.-ociat ion 

would Buggt.si      beni   icial  trend  in poat'tranaplanl   surviva] ainci 

Lnii '■ "i >. oi   th    Stanford  Program«    Since th'' procedur s  af Sectioni 

i..   ■ are not   applicable in this .iti-ntion, we were led to th< 

following "pst'udo-conditional" best« 

Whip.   :•-. = 0,    wi   know that   Y. > B.,    and we also know   B. •    W« 

can then "fil]   Ln" th   unknown   Y.    value by taking a randoa value 

:'rcxi the distribution  runction defined by 

(10) P(Yi > t,|Y. >B1) - H(t)/H(B1:   , 

wh'Tf    ii(i )    i.   th<   Kaplan^Neier estiaator defined by (").    Howcveri 

th" rnnn )i,.   listribtttiOII   I'uiiCtionR defined  by  ('')  nnd   (l'1)  • r*    not 

ecntinuous and  there is alao sabiguity in the Ktiplan^ ler estiwitar 

wh'Ti     v, \ <    Li-" largest    Z   v.lu^. eorreaponds to D censored v?ilu< . 

[n that OBBO| Kaplan and ?'■ !• r suggested that for    I 
(n)' 

hould b- reg r    I ai   being bi tween   H(Z/ \)   and    0,    bul  not 

o. . r to sample  frosi ll. and    o avoid obtaining tied \   Lucci  w* 
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compift d and adjusted    H   to   H*    (.^ay) as follows.    We fonwd a polyf* 

onal  eurv*«  connoctiup; the  points     (ZJ   s.iK",,   »)),    where    r    runs 
(■•";        (r) 

through t'r.e  BUbserlptl  corres-oondin^ to rmcensored value;;.     We thor. 

lefir.ei    ';*(•.)     to he the polygona]  curve up to    Z,   >,     and hevoucl  Zi   \ 
IB) ' (n) 

(n) ^it) m expiiin i(Z^)]t/Z^) t   t, > ;:(n) . 

Ihli correspondi  'o nttlng an expoDentlal 10 the tail BI rollows* 

For    t > '.'.,   y     li*     la niven by the probability    H*(t)   = expC-t^'i}, 

•■.t. ■:• i.    'li ). ■ M  .  ) bint   Tor    t ■ Zs   \, exp(»t/9]  = llf.'./   v),    tbe 

Ki plan^lfl r ''Stinate Tor    t = Zt   N.   We ooed thla adjustnent  for all 

f.-;. ■    .  tb     Li .   •h :.    .'■/   \    correspanded 'o •) ccnsaartxj value and v/h n 
(n) 

'/ \    i-orr-.:•■);,    d  'o an uncenaored value«    Let   Y*    kennte R random 

value  aaapled  from the di. tribution defined by 

(12) :-(r! > t) = ni^/n'i^) , 

wbere    1   runs through tho.--   aubseripta for which   >■>. = 0« 

Our paeudo^eOBdltlOBol teat eonsiati of applying the UOUBI per« 

IMtatlOll teal   based  on    B     to the  uncnnored "r.anplo" [(X.,Y.),; 

such that    >'>.  - 1,   {X.,Y*.),     i    euch that    b.   = 0].     If choo:inK the a     i i 

Y*i.     by •• randan meohanlan is too dlataateful to the <z*r, an alter* 

n- tiv-   . ..—■ . ■ Ion  i.   ' a take   'f.    to be the Badian o;' th».- diatri* 

) vtion i< fined by (l  )• 
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.i : .one in this ■ection we ^Ivc the r* suits of the 

folXowing carrelation analyses]    (i)    ses vcmii post-transplanl   BUT« 

vivti • IM ,  (ii) age Bt trsnsplanl   versus post-transpli n\   BUX^TIVB] 

t im« , (iii) dat<   of transplant  versus poot-trnnsplant survlva]  tlw , 

(iv) waiting tiae for ■ donor versus poot*tniiisplBn1   survlval tim , 

(v) date o;' acceptance versus Halting tlae Pot ■ donor,  (vi) date o;' 

acceptance v  rsua .■■.■:.  (vj i) date of acceptance versus age at accept« 

■ nc»  ds te. 

Die tests advocated in ;""ction.'  ■:,  ■'<, and 5 '"''■ reft rred  ' >■> as 

. Lmple adjusted (SA), Kaplan^Neler adjusted  (KM/'O, and  pseudo- 

condltlonaj  (i1'')' rcspectlvelyt   Asstwptlan (A) of •■ ci Ion      ie noi 

reasonabli   for projects (iii) and  (v) and thue th«   flA nnd KMA  proc< - 

dures   ■.•■■     aspect   In  those  casesj   neverthelessi   for casipletenese,  we 

repon   th   .■.'   ■■:.; ilAA resultSi    in projects (vi) ■  id   (vll) th< r<   U; 

:. ) C'T..'.j.'i; .-   n     ?A,  iQfu\,  and   PC all reduce to the snsn    proct^diuv, 

n-imt-ly th<   usua]  test   of  Independence based  on  Kendall1«!    ;'. 

Our sampl   sizes are    n = V (projects (i)-fiv))    snd    n ■ Bg 

(project.-    v - ■.''!)'.   Thua    n   la too largs to parfom   n! penatta^ 

' Lons«       'i.:'   resultC   ••>■•■  Stated  in  fcaiM   oT tha  normal   approximation 
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Hr.d an approxinnMon to the permutation  ter.t bannl on  a  random  lanple 

f 1000 periüut.'ition::.     Tn addition to  rfvinr,  thn  one-;-.: d^d ■ifllifiewice 

probability  (? value)  acnociated with    Bf    ve include  the value of 

(13) 

thr latter being interpretable ■■ B Matun   of oorrelation«    Th- 

resulti are fUMnrls« I in Ibble 3« 

'Ihbli.   •'.   SlgnlflcBBC«   probabilltiefl i'or eorrelatian analysesi 

Project Proci lur< 

1IA 
■:■';> 

PC 

-72 
-.1 
•52 

Naomi 
i   vl'i! e 

(uonnnl 

.253 

.290 
o:'8 

(1000 per- 
mute tians) 

,291 

. \k9 

t 

-,665 
-.553 

-.080 
-.067 
-.05 

ii 
ii 
11 

SA 
KIIA -', 1.6 

-5% 

-2,056 
-  ,] 
-2.32O 

.020 

.Olo 

.010 

.0 1 

.019 

.008, 

-. 0: 
-.  1'. 

ill 
iii 
iii • 

V. 8 
.0J..1 

5 ). 

1.818 
l.':V 

.068 

.035 

.0-V' 
,0   j 
.0*8 
,017 

.18] 
,166 
,19fl 

iv 
Iv 
Iv 

.:■■ 

PC 

6i4 
657.7 
-„■,., 

2.7 9 
.097 
.■(01 

.00- 

.0035 

.0035 

.003 
<a001 

.001 

•   1 

. 60 

V 

V 

V 

SA 
KMA 

PC 

-     u 
-208.9 
JiOii 

-.V,Y 
-.809 

,285 
.3   I 
.209 

.277 

.315 
,107 

■,0 6 
-. ■ 1 

vl SA 276 1.078 .1140 .i.-'i ,0Oi, 

vil :/ -338 -.oYY .2l|9 ,236 -.0'  1 

Iii yorsuc post-tranaplanl   Burvlv&l!    H'!•■ j    i r th. 

patient l.   BBIJ ,    0   If remalci and    Z   Is tlte mlninium o;' th»;  I l» 

I'roir. transplant to  i ■•-h and the blae  froa transplant to clonlni; üid 
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;'.i(jhtf :. oi . ■ rvaloru;,  corrucpondin;; to thoGe patients iriM     reeelved 

tnntplants i   fore the closing date and wra alive at tbe ciosin;': datei 

are oanaored«   ISie data aie aparse ror deteetiaf aex differeneei ainoe 

only i'our o:  the i'it'ty-t wo transplant patienta are women.    OM data do 

not indioate a significant correlation between sex and poat^tranaplant 

aurvivil«   Ihe Kaplanmeier estlaator   H(t)   of   I
J
(Y > t},    vbara 

'-' = poat«tranaplant curviv.il time, ir> given In T-ibie •',.   in addition 

to   :'(').    Tahl<   ■■ eonttaina an eotlnator or the standard deviation of 
/\ 
:i(t).    7i.<' ■■.■■tir--itor, given by Khplnn and Meier [ll],   1? 

(1-) .A(-;i(t)) - ftt)(EC(n-r)(iWf»l))"1)l/2 , 
r 

where   Z/.t < ••• < '.'., \    are the ordered   Z's,    and    r   run^ through 
(i)  - -    (n) 

those po-"i-iV'   i..'    ■ pa   for v/hich    "./   > < t    and    '■'•/   \     la an \m- (r)  - ()•) 

e naored dbc« rvation« 

Tn   ;• pL'];-)/ !'■;■ ■-^tiiii-'tor is baaed on the aasuqition tknt th< 

"':    (o;' •■hlj;'. only ■,'(• -ir'' Obaervabli   her ) are indopendent and Idon« 

tieally  liBtrlbuted«   Biere la sone evidence (:■'     jirojeot. (iii)) tir.i 

in Tact there i--; a tread in the   Y1.    and so this Baaiaqptiaa Is prob- 

■ibly not  valid«    tlevertheleaai we need    H(t)    in atäer to apply the 

KMA and ?C procedures!    Furtlvrmore, 'iVibie '* la InfOnntivi   In ltd 

own right. 
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oL    h,    KnpL'in-Mi'iur MtlMttfW ol' thu  poüt-trMii^pLnnt 
curvlvii diatribution« 

• tesxsl ii(t) 
S\      /s 

ni'H)) 

0 .ySi .019 
1 ,962 .0,7 
i »Skz .032 

10 • 9-3 .037 
12 .90Ü .o.'a 
15 .885 ,OMi 

1 ,865 »Okl 
15 .8U6 ,050 

39 ,827 .052 
^3 .808 .055 
kk .788 .057 
k6 .Y'')8 .059 
kl ,7i»9 .060 
51 .709 .063 
54 .689 .065 
60 .670 .066 
61 .650 .067 
63 .629 .068 
6^ .609 .068 
• ,568 .070 

l ", .5Vf .070 
136 ,526 .071 
m .505 .07] 

': 18 ,lt8 .071 
53 .^9 .071 

112 ,1>35 ,071 
322 .'au .071 
■    • .379 .07 1 
730 .3^1 ,075 

• . '99 .077 
10   . .  J9 ,061 
1350 .119 .09)t 

(il)    Agj   at transplant  vr.-u.   poe^trangglant survljglt    Here 

X = i^e at tnnaplanti   Z   lo aa In project (i).    Pirocedtirea SA| KMA, 

and PC 'ill Indicate B  cnaU  bul   sionlfleant aegatlvo carrelatlon 

j 
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:. age ^t transplant and poct-tniu-plunt :;urvi\ril (see 'i'-'bl      ). 

(ill)     ifii'    o:'  li-.n;:i;l ait  versus pot t.-trMn^rl':it   . IU'VIVMI;     Hi re 

'/. -   ksti  of transplantj   •".   Is sa in project (i).   Assunptlon (A) la 

:.ot  vetld, tout '•■   applied proeediarea SA sad KMA to eaapsre tbea with 

•;.•   FC test«   Ihe uelysea (see Bitole _•;) suMsst a aodest "but signlfl* 

cent   pa.'i^iv'' correlation toetween post*trensp]ant aurvival tlw   and 

'ate of trensplsntj vitto eor«   recent candidates in Üie prograa genera 

•illy (toriag better then aarU   r candidates«    One would liki   to attri« 

bute this tr nd bo Laprovcd surgiea]  bectoniiiuei and post*auz^ioal 

cnrt.', Lu'   it ntiy be due bo Other  [tod nra as well,  ;noli as selection 

of hardier potj nta or nor      ppropriat*   candidate)   in recent y^ars of 

the prograa*    Project« (v)-(v;i)  Lnvcstigate tAiether ther<   baa been •■ 

change over ti»   in Halting tia       >■      lonflTj •■ •  of the candidntesj 

and age af I h<   randj li I  .■. 

fly]    '    '• ::.j 'iiii'' fOT a donor '■'■ rcus j'j.t.-t n | sglani   gurvlvj 1 

t i.-n» ;    ii :• tia    troi:. Bceeptanc<   to bxanaplanti    Z    ia as In 

projed   (l).       "oc   lurea SAj  KNUj and PC all indicate      aignificanl 

; i.ltiv-  corr L bioo b< twecfn waiting biae and post^transplant r.ur- 

vivil (.       ,   . .1      ).    0n<   possitole explanation]    'Jlio.-'   patiento  bhnt 

have '0 wail  •   Long biae '•'or a dooar (and survive to receive a h« rt.) 

are  selected       ■ h r Ineaa by bhii   prooessi ana aighl  toe uxpeeti-U  to 

surviv«  longer • 

fv]    >:•■   o' acceptance versus  .■.',.lt:;i^ tig]     or •   donor;    Hi r 

7. = ucc ptanc«   date !
M.'-   ."L   it; the minimum o;' the biaes to doathj 
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truncplant,  deseleetloni  BUd closinc tete«    The uncincond valui ;. her» 

■re thon    Z*a    eorreapoBdlng to patients who rseelvad transplaiits« 

Thirty Of th<   ''i^hty-two Obcervationi »re censored.    Thtv   la no i-vi- 

dinc" (;;•••  liable -;) of B trend In Halting tlaa ;or a donor.   Th< 

Knplan-M.iir eatinator of   P(T > t)j    whei-'    Y = waitini tlae for a 

oonor,  la givi n in Ihhle 5« 

T'ibi' s.    rü-inJ.'in-M' i- r eatinatar o;' Halting tiae ror 
•i donor dlatrihutian« 

i  [dura! H(l) nD(H(i)) 

Ü .976 .017 
i .951 .O.'li 

.91 .032 
J .899 .Ov'* 

.859 .ouo 
5 .8'.', .o'a 
7 .8x1 .Oh 3 

' ,803 ,0k6 
ii .77'' ,(M 
rj • 759 .0^0 

15 .7^5 ,051 
16 .715 .053 
17 •T' .0^ 
18 ,685 .OS', 
i • ,670 ,05< 

.639 .057 
.' .6, .'t ,058 
2k ^08 .059 

5 .577 .060 
?6 .5^6 .060 

7 .530 .061 
30 .515 .061 
31 ,l»99 .06l 

•: ,J»83 .061 
35 ,450 ,06l 
36 ,J»32 .061 
ifO .393 .062 

h 
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(tors) H(') !'P(H(0) 

*5 .35* .061 
50 .312 .061 
■.,, .251 .060 
57 ..70 .059 
66 . 'W .059 
70 ,225 .057 
77 ,ao3 .O'A' 

,158 ,052 

(vi)    Dati   oi' acceptanci   V' TL.IU- gext    Ben   Deither variable  Li 

censored«    Th<   Indipt^ndmci' tt-üt yields a non^algnlflcanl   ir<'nd 

(P = .l-!t)    wltb the Indication of B :-li^ht tendency tow rd diooslng 

nvilc candidates aa  t hi   prograa progresaon« 

(vii) Pat» of accep^nci veraue agf at Bcceptancti date} [1 lth< r 

variable la censoredj and« on the basis of tke S testi on' i. led to 

■iL'c.pi   th<   hyp.vh'.■■i;   of no association.    See Ihble   ■;. 

7.    Koc'u:-:nei s cat ents«    The 5A and KMA procedures are exact 

when Assumption (A) is satisfied*   Tb   PC proeedur«   Is not  exad  but 

a hint o   Its robustness can be obtained by coMparlng It with SA and 

KMA ;'or situations where AssuKptloo (A) Is valid«    Projects (i) and 

(ll)  furnish .'.ach eoMparlsonSj and ther<   Is reasonabL   agreearni   (.•■ ■ 

T- bl<   •)•    For project (lv), where the d< vlatlon  fron A. .umpt ion (A) 

ie nlld| SAj KMAi and PC ar<   alao la good agreement« 

In proj'.'d   (lll)| th'   deviation Crem Aaauaptlon (A)  i.   atranc] 

•o .■■■ Lai Lon between    X    and    B    exlats  (wh' Uv r or not    X    'ind 

':'   are i...- ;   .-.. :.■ ).    Here th" significance prObabllltica nchl'-vd Uy 

MM HBHBi 
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SA tad KM My Cfinrtmjit*eiae 'ho significance of ■  poBltive eflrrelation 

betVMB   X   Mnd    Y.    Th-   f'ict thit the    P   vnlu.- for    re   li even 

■ffflltr ttea those for M sod KMA my b<   in p'irt due to th'  exponen« 

tial tail ■( ijnrtiii'nt  (:,'■'   (li),  BeetiOB cj) of th>' Ksplan-lleier e«tl- 

ntor*   Ihe exponential tall tends to be optimistic nbout poat« 

mnrplxiut survival pradlctlono^enpeelaUy for thosi   s^naored values 

eorrespondlag to tzansplaats that occurred shortly before the closing 

Is te< 

In vlev of  th'   ItnportMnc   of project   (iii),  the   l'ollowinc;, Mn 

conscrv;:; iv' , approadi to post^transiilaat survival prediction wai   alao 

used«   After connecting the consecutive points    C'/  \ »"C ^ .0)   as in 

Section ''. the Line eonnectli^ the points corresponding to th   two 

largest  uncensored •■■ - tes ass extended downward until  it   Intersects 

th'   horizontal axis«    Ihls ball replaced  the exponential  ball given 

y (ll).    Ui in.- this straight-] in'' adjustaeat to the Kaplan^tf« i1 r 

sstiastari th<   PC procedure yielded s uorrelatlon of    r = .109   with 

an sstlaated  3ne>sldi I slgnlflcaace prot).'ii)iiity of    P ■  .11.   (based 

on 1000 i   mutations)«   Th'' corresponding valueSi using th-- expan^n« 

tlal tall for the Kaplan"ileler estlaatori were    r =  »198   and 

? = »017«   Th<   overall Lndloatlonj  Proa the PC proceduresi Is that    »i 

■■ aodesti cm1   significant,  poriiiv   correlation between transplunl 

late find  post*transplant survival« 

'..'■   obtained •■.no'h-.   ae'isur     1    bread   La  p08t»trnnr.pl;tnt mirvivMl 

ks follows«    SJablc 6, la ths for» of a     1 x li   contingency tab]   . 
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glvei|  Cor '•■•■eh o:' üv yt-ir:; l^ob, I'M), l'»70, 19'(l, the maber »f 

patleatfl (M) who w re leeepted si candidate! in that year and went on 

•o receive •!  t,i"int;i>l<,int.    It also provldea the mMber (m) or thoee 

wha   survived at leaat on'- year after their tntnaplant«    (w^   oaltted 

1','    to . ii.'.pli t'y th'   analyalaj  eoaplete r'-turnc on th'- 197^ group 

■■ r-  not available al  the M-ux-h 1, 1973 doGing date«) 

Table 6. R< latienahip 
oni-yt'or  po;'i 

betvei n yeai 
■tranaplant 

or acce] 
curvivnl 

»tanee and 
rate« 

yvjr  L 1(1968) 2(1969) 5(1970) »»(1971) 

m. 2 6 2 6 
!.:.-m. I ' h •( 

M. 11 li 

'•inployin,-' a  procedure due to Amitagi   [1], we uaed Kendall'c    '■'■ 

to t< at  for ■ trend in the aBe*/ear aurvival rat« a«    Th'- atatial Lc 

r  luces bo 

S =   (M,-m^(nv+i:   HI.) +  (M  -m  )(mv+mi)  +   (M  -mjin, 

-  mli{n2'm2)  +   (M.-M.)  +   (M^-n.J]   -  m ,((M.-m_;) 

♦   (y'-m^))   - ir. ,(Mu-raJ+)   . 

; r " ir   hypothr'Sia o;' no trend|  th   nean of    S    La aero and nrlanc« 

-r(::) -   ^y (T ;- EllJ )   , 

»■MMflHMa 
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:•■.:•■     t ■ Zftu    and    T ■ :M..    For the data or Table b,    S • 50, 

v r(.") = *539»6|    and tha nom-il deviate la .7^ cotreapondlng to B 

0;. - Ldi ; value of »23«   Ikli anal/alai teaed on inuch leaa lnfor> 

nation than I'C proeeduz'Mii agreei In dlrectlan**but riot in degree o;' 

. i.':.i:iciüc--wii,}i the vc reaulti that auggeated a positive trend in 

poal -tranaplant aurvi vii, 

Acki.ovi- 'ijn/ nte.    Profeaaor Bugene Dongi co^llreetor  >f the 

Stanford Hearl  Tranaplant Prognmt Miked the qiiestlana thai  itlaulated 

•j.in vark| p:••>.•, led the data, and encouraged ua by hla Intereat In the 

r•.■ui,;■.   '.■;■   are ala 1  (rataAil to Mrs. Narla Hu For writing the pro« 

.-.■■ na and perfoivlng the caleulatlona relative to the procedurea of 

,'• lone   ■.   •. and 5. 
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